The scientific community is paying increasing attention to the characteristics of brain processes providing switch of manual motor programs. Thirty-two right-handed men aged 18-23 years participated in the experiment. The EEG registration was performed according to the international system 10/20, with closed eyes during manual reactions in the Go-Stop-Change paradigm. In the case of a low tone (70%), men had to press the left button of the console (go-response) with the right index finger. A high tone (30%) required rapid pressing of the right button (stop-change-response) with the middle finger. Event-related desynchronization and synchronization of the spectral power of the EEG frequency (6 Hz to 23 Hz) were estimated in the Matlab environment. Significant ERS response is established at the frequency of 6 Hz in symmetrical frontal, central and parietal parts, at 9 Hz -in the left parietal area, at 14-15 Hz -in frontal, central, and parietal areas of the right cortex, and at the frequency of 22 Hz -in the right frontal lobe. However, EEG desynchronization is recorded at the frequency of 7-8 Hz in the frontal and central areas of both hemispheres. The most sensitive to the manual movement stop followed by switching to an alternative event is associated with synchronization of electrical cortical activity, which showed higher values of the spectral power at the frequency of 6 Hz and 14-15 Hz in frontal and central allocations, and was lower at the frequency of 16-17 Hz in both parietal lobes than that during the Go-response.
INTRODUCTION
In everyday life of each human, the stops in movements, which are not accompanied by the subsequent switching to an alternative answer, are rare. To study the above-mentioned processes, an extended version of the go-no go paradigmthe so-called Go-Stop-Change paradigm (Logan, 1994) -is proposed. According to Logan (1994) , the Go-Stop-Change paradigm can explain the physiological mechanisms of process inhibition in the context of its future changes. Based on this paradigm, research of Band and van Boxtel (1999), Boecker et al. (2011) , Rangel-Gomez et al. (2015) implies that the overall breaking distance is at the basis of stop and change of the motor response. Response time to stop and change answers was practically the same; however, they were considerably faster than the response to the go stimulus. Analyzing visualization data, Boecker and his colleagues (2011) found out that the processes of stopping and switching movement launched similar activation models.
Contrary to those results, other authors (De Jong et al., 1995; Krämer et al., 2011) insist, on the basis of behavioural and electrophysiological results, on the existence of various mechanisms of response standstill and its stopping with the following alternative answer. The researchers found out that the response time to the changestimuli was significantly higher than to the stopstimuli. However, typical negativity, associated with inhibition (N2), was only during stop-tasks.
Controversial data are shown in recent studies of Rangel-Gomez et al. (2015) . Their results indicate that the inhibitory process in the changecondition is significantly faster than in the stopcondition. However, they found no differences between stop and change objectives for frontal and central N2. The study confirmed the importance of the back mid-rear frontal areas in response inhibition and generally indicates a single mechanism of motor response stop/change. (2013) -made a conclusion that the obtained experimental results could be better explained by assuming that the go-response is inhibited by the stop process activation. In addition, the authors assumed that the alternative goresponse is activated only after the stop process.
Thus, current literature data indicate that there is still a real shortage of research and a considerable controversy regarding questions about the same or different brain mechanisms, which are associated with the inhibition of previous goresponse and alternative motor objective which are involved in the situation of stop-processes in a pure form and in the situation stop-changeresponse. Taking into consideration the results of current literature (Camalier et al., 2007; Verbruggen et al., 2008; Boecker et al., 2013) , in our study we proceeded from the fact that all three processes (go-response, stop-process, and the second go-response) could actually be considered as independent. In this context, comparisons of cortical activity during the go-response in terms of stops followed by switching to alternative motor objective can show specific EEG markers of that process.
The purpose of the study was to evaluate the event-related synchronization/desynchronization of EEG spectral power in terms of inhibition of running motor program of manual movement, followed by switching to alternative motor objective.
MATERIALS AND METHODS

Participants
Thirty-two men, aged 18-23 years, participated in the experiment. They did not have any neuropsychiatric disorders or traumatic brain injuries in their anamnesis. Participation in the experiment was carried out on a voluntary basis and corresponded to all common bioethical standards.
Psychophysiological testing
The experiment was carried out in two stagespsycho-physiological and electroencephalographic.
During the first, phycho-physiological, phase, the health status, the profile of manual and auditory symmetries, and the time of sensorimotor reactions were observed. The health state of men was determined with the help of a questionnaire on wellbeing, activity, and mood (WAM). Taking into account the nature of the responses in the survey, motor performance, and acoustic tests, the index of manual and auditory asymmetry was calculated for each participant (К sk. ) (Zhavoronkova, 2009 ): Further studies involved dextral testees whose coefficients of manual and auditory asymmetries were positive and were above 50%. There were 25 men in all.
The time of sensorimotor response was determined by the computer diagnostic complex "Diagnost-1" (Certificate of measuring equipment type No. UA-MI/2p-2613-2008, of 5 August 2008). According to the instructions, an examinee is expected to press and release, as fast as possible, the button panel when a signal -a geometric shape -appears on the screen.
EEG experiment procedure
During the second, electroencephalographic, stage, participants were in a specially-equipped sound-and lightproof room, in a reclining position with closed eyes. Prior to that, each examinee received an instruction according to which he had to press and release the left button of the console (go-response) quickly with the right index finger upon hearing a low tone (a sound of 600 Hz). In the case of a high tone (1600 Hz sound), an examinee was required to rapidly press and release the right button of the console (stop-change-response) with his middle finger. Under experimental conditions, all stimuli sounds were served in pairs. In some stimuli pairs both sounds were low-pitched, in others the first sound was a low tone, and the second a high tone. In each case, the examinees started moving their right index fingers at the first sound. The second sound in the stimuli pair had the value or confirmation movement (Go) or its stop and switching to the alternative motor task (Stop-Change) with the middle finger of the right hand (Fig. 1) .
The duration of each sound was 50 ms, each interval between stimuli pairs was 5000 ms. The correlation of the stimuli pairs with both low sounds (600 Hz) and the stimuli pairs with both low and high sounds (600 Hz and 1600 Hz) in the sample was 70/30. In each stimuli pair time, the delay before the second sound after the first sound was 140 ms. This period included the hidden time of sensorimotor responses, which are related to the signal perception, the analysis, the decision-making on the motion, and formation of motor programs (Lizogub et al., 2015 ; Rangel-Gomez et al., 2015).
Registration and processing of EEG data EEG recording was performed using electroencephalographic hardware and software complex "Neurokom" (Certificate of compliance with technical regulations on medical devices No. 753, of 25 January 2017). EEG registration was performed monopolar. Nineteen active electrodes were placed on the surface of the scalp, according to the international system 10/20. Combined ear electrodes A1 and Fig. 1 . Scheme of the paradigm Go-Stop/Change of the con ducted experiment F -the first sound in the stimuli pair, in response to which the examinee had to start moving, Go or Stop-Change -the second sound in the stimuli pair, which has value and confirms the initiated movement (Go) or stop initiated movement and switch to an alternative one (Stop-Change), 70% and 30% -correlation between the stimuli pairs in the sample.
A2 were attached to the left and right ear lobes, respectively. They were used as reference electrodes. Additionally, referential electrodes Ref were used (placed between frontal and lateral parts and N (Nasion)). Artefact activity rejection of native EEG was carried out by applying ICA (Independent Component Analysis).
Changes in brain activity were measured in the frontal (F3, F4), central (C3, C4) , and parietal (P3, P4) leads. The choice of such assignments is associated with the existing published data that demonstrate the outstanding part of these cortical areas in the processing of motor data and motor programming (Haaland et The received values of changes in the spectral power EEG were represented in a variety of colours of the spectrum, which resulted in ERD/ERS maps. The stage of analysis was 5 s, which included 2 s before the submission of the second sound in the stimuli pair (reference interval) and 3 s after the filing (post stimuli interval). The change in the spectral power (SP) EEG was evaluated in regard to a referential time interval. Within the period of post-stimuli interval, the period of sensorimotor response of the examinees was analyzed.
In terms of Stop-Change-response and its differences, ERD/ERS analysis was conducted for each participant if compared with those in the Go-response.
Statistical processing of the results
Selection criteria for statistical analysis were based on the purpose of research and were determined by the distribution of the obtained numerical data. Test samples for normality of the distribution were carried out using criteria of Shapiro Wilka (W, at p > 0.05). Since not all samples had normal distribution, the differences were evaluated by Wilcoxon criteria. Differences at p ≤ 0.05 are considered reliable. Changes in SP EEG frequency components in each lead in terms of motor response and its stop with the following switching to an alternative answer were analyzed. Statistical analysis was conducted in Statistica 8.0 software (StatSoft. Inc).
RESULTS
Results of psycho-physiological testing
The obtained average assessments of the overall functional status of the participants at the time of the experiment conducted according to the WAM test were the following: wellbeing -5.82 ± 0.16, activity -5.18 ± 0.16, mood -5.68 ± 0.16. It allows confirming the vigorous state of the participants and the possibility of their participation in electroencephalographic study. The time of the mere sensorimotor response in the group of participants was 258.8 ms ± 10.22 ms.
Analysis of changes in the EEG spectral power in terms of the Stop-Change response
According to the obtained results, a significant ERS reaction was established in symmetric frontal, central and parietal parts at the frequency of 6 Hz (p ≤ 0.05), which corresponds to the upper θ-subrange of EEG (Table, Fig. 2-4) .
According to the obtained results, the generalized reaction ERS in the upper θ-range (6 Hz) EEG in frontal, central and parietal cortical lobes of both hemispheres was revealed, which was significantly higher when compared with the Go-response. This pattern may indicate memory improvement, it allows keeping the information about sensory stimuli in focus, and provides movements in terms of the stop-change-response (Klimesch et al., 2007) . In addition, the increase in the oscillatory activity in θ2-subrange of the EEG may reflect a generally difficult course of the sensorimotor response in conditions which included a strengthening of downward control associated with the processes of (re)programming in the prefrontal and the primary motor cortex. Instead, the frequency of 7-8 Hz (low range of α-activity) in the frontal (p ≤ 0.05) and central (p ≤ 0.05) areas of both hemispheres recorded event-related EEG desynchronization. Noteworthy is the registered ERS response at the frequency of 9 Hz in the left, contralateral to the movement, parietal area (p ≤ 0.05). The processes of a related synchronization event of electrical activity at frequencies of 14-15 Hz (β1-subrange) were found in the frontal, central, and parietal areas of the right cortex (p ≤ 0.05), at the frequency of 22 Hz (β2-subrange) -in the right frontal leads (p ≤ 0.05) (Table, Figs. 2-4) .
In terms of the stop-change response, it was found that the processes related to the event of synchronization in the right frontal and central areas at frequency 6 Hz, and both left frontal and central areas at the frequency of 14 Hz were significantly higher than those provided by the go-response (p ≤ 0.05). Instead, in symmetrical parietal leads at the frequency of 16-17 Hz of EEG ERS response was relatively lower (p ≤ 0.05) (Fig. 5) .
DISCUSSION
The aim of our study was to assess synchronization/desynchronization of SP EEG frequency spectrum in terms of breaking the motor program of manual movement, followed by switching to alternative go-response.
The ERD reaction was revealed in the lower α-frequency range (7- The growth of EEG power at the frequency of 9 Hz in the left parietal lobes contralateral to the working right hand was an interesting fact. This pattern serves, perhaps, as some evidence of cortical deactivation related to the function of sensory-spatial attention of a manual movement and the need for restructuring the previous motor installation. The pattern can be consistent with the results we obtained in our previous research on the increase of the capacity of the upper α-subrange of EEG in terms of the situation of sequential movements of fingers (Morenko et al., 2013) .
Significant changes in terms of breaking the motor program and its switching to the alternative in the β-subrange of EEG were determined. We detected synchronization of electrical activity at lower β-frequencies (14) (15) in the frontal, central and right parietal areas and at upper (22 Hz) β-rate frequencies of EEG in the right frontal leads. According to the literature, these patterns can serve as a criterion for enhancing mental tension (Wróbel, 2000) , increasing the role of "differentiated attention" (Petsche, 1996) . It is a process that promotes a closer interaction between widely distributed neural networks, which are involved in the processing. It should be noted that an event-related synchronization of EEG oscillations at the frequency of 14-15 Hz (in frontal and central areas) is significantly higher, and at the frequency of 16-17 Hz (in the parietal lobes) is significantly lower than those in the go-response.
Thus, it was found that event-related synchronization of electrical cortical activity was the most sensitive to the stop of manual movement followed by switching to an alternative motor task. The event-related synchronization showed higher values of the spectral power than during the go-response, at the frequencies of 6 Hz and 14-15 Hz in frontal and central leads, which are a projection of prefrontal and primary motor cortex areas. However, the EEG synchronization process was lower at the frequency of 16-17 Hz in both parietal leads. In our opinion, such a pattern could hypothetically reflect the activities of cortical areas (prefrontal and primary motor cortex), which are involved to the inhibition movements followed by the launch of the alternative motor program.
CONCLUSIONS
1. A significant ERS response is established at the frequency of 6 Hz in symmetrical frontal, central and parietal parts, at 9 Hz frequency -in the left parietal area, at 14-15 Hz -in frontal, central and parietal areas of the right cortex, and at the frequency of 22 Hz -in the right frontal lead. Instead, at the frequency of 7-8 Hz, EEG desynchronization is recorded in the frontal and central areas of both hemispheres.
2. The event-related synchronization of electrical cortical activity was the most sensitive to the stop of manual movement followed by switching to an alternative motor task. The event-related synchronization showed higher values of the spectral power at the frequency of 6 Hz and at 14-15 Hz in frontal and central leads and was lower than during the goresponse at the frequency of 16-17 Hz in both parietal lobes.
